Positron lifetime measurements have been performed to study vacancy defects in Hg 0 78Cd0 22Te. Post-growth annealing under various Hg vapour pressure conditions have been used to create a well-defined number of Hg vacancies. The sensitivity range of the positron annihilation method was found to be 10~< c~<1018 cm 3. The obtained experience has been used to investigate THM-grown single crystals. The measured longitudinal and radial dependence of the vacancy concentration can be explained by the temperature profile in the grown (Hg,Cd)Te ingots.
1.
Introduction field of A 3B5 compounds (see the review [2] ), no systematic investigations have been performed for Because of their high mobility, Hg vacancies studying the vacancies in MCT by positrons. In are the most important native point defects in the present paper, therefore, we demonstrate first Hg5 _~Cd~Te (MCT). They act as acceptors and of all the sensitivity of the method to detect Hg influence or even dominate the electrical bevacancies in MCT. For this purpose, post-growth haviour of the material. Thus Hg vacancies may in annealings were carried out under various Hg principle be studied by Hall effect measurements, vapour conditions to create a well defined number taking into account that the measured number of of Hg vacancies. Secondly, we show applications carriers is the sum effect of all electrically active of this method to determine the number and disnative donors and acceptors as well as doping tribution of Hg vacancies after THM growth and impurities present in the sample. Therefore, meaattribute them to the growth conditions. surements of the Hg vacancy concentration with an independent method combined with Hall measurements should improve the knowledge about 2. Positron annihilation technique the point defect behaviour in MCT.
Positron annihilation is a well-established The most powerful positron technique for method to identify vacancy defects in solids [1] . studying bulk defects is the lifetime spectroscopy. While a number of studies has been done in the The positrons are obtained by a weak (15~tCi) In a semiconductor, the vacancies may carry a within a few picoseconds. The positron starts to positive or negative charge that will lead to an diffuse through the bulk of the sample and in additional coulombic tail of the potential responabsence of any defects it annihilates after its lifesible for the positron trapping. Thus no positron time with an electron. The lifetime spectrum contrapping is expected for positively charged vacansists of one component: T = Tb (where the subcies, because they repel positrons. On the other script b stands for bulk; Tb is constant, Tb = 264 hand, the specific positron trapping rate is ex-PS for Hg078Cd022Te). In the case of vacancies pected to be larger for negatively charged than for present in the sample, the positrons may be neutral defects. The Hg vacancies in MCT are trapped there until they annihilate. Because of the negatively charged in the whole temperature range decreased electron density within the defect, the of interest (see the discussion in section 3). The positron lifetime will be increased and the lifetime determination of the specific positron trapping spectrum consists of two exponential decay cornrate for a compound semiconductor is difficult ponents. From the obtained fitting parameters Ti because of the lack of an independent method to and T2, and '2 (lifetime components and intensimeasure the vacancy concentration (see the disties), the positron trapping rate ic, which is procussion in ref.
[21). We will show later that the portional to the vacancy concentration c,,,, may be post-growth annealing of MCT gives, for the first determined time, the unique possibility to determine this con-1 1 stant in a compound semiconductor with high
3. Hg vacancies after post-growth annealing where the subscript d stands for defect. The annihilation rates A1 are defined as the reciprocal
The single crystals of Hg0 78Cd 022Te used for lifetimes A1 = 1/r1. the post-growth annealing under various Hg One may also use the average lifetime T to vapour pressure conditions have been obtained by determine the trapping rate ic, because i is rather THM growth (travelling heater method) from the insensitive to numerical uncertainties of the deTe-rich solution. The principle of this method for composition procedure:
growing MCT crystals has been described in [3] .
The annealing has been performed using the in fig. 1 This is the essential supposition to scale the typical results for an intentionally undoped crystal.
5.1015~.
The vacancy concentration is low (less than 5 X 1 5 9 13 1015 cm3) in the whole length of the crystal rat9al POSIt6n (iris) except at the end where the concentration in- at the end of each crystal can be correlated to the value of the Hg vacancy concentration, could be typical longitudinal and radial temperature distridetermined to be p~8 = (6.1 ±0.5) X 10 8cm3 s-I. bution in the crystal caused by the THM arrangeThus the sensitivity of the method range is 1015 < ment. With the very low growth rate (typically 1 c~< 1018 cm~.~is temperature-independent mm day1), a temperature-depending Hg vacancy in the range 100 < T< 300 K and is also indepenconcentration is established corresponding to the dent of the conduction type. solubility limit of the existence region [7, 8] . These Five complete Hg 1 .~Cd~Te single crystals have results have also been found with a very short been studied in the as-grown state. The Hg vacancy crystal having the same thermal history as the last concentration profiles can be explained by the part of a longer one. The cooling behaviour is cooling behaviour of the crystal during growth caused by the strong decrease in the axial temper-(frozen-in vacancies). Post-growth annealing unature profile according to the used one-zone furder Hg atmosphere following the growth may nace. During cooling down the heater and the completely level the Hg vacancy distribution. grown crystal after having finished the growth process a high number of Hg vacancies has been frozen in. Depending on the cooling regime the
